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Data Transmission Method, System and Network Element 
CROSS REFERENCE TO RELATED APPLICATIONS 

[0001] This application claims priority of United States Provisional Patent 
Application Serial No. 60/471,326 entitled "Data Transmission Method, System 
and Network Element," filed on May 19, 2003, the contents of which are 
hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 
Field of the Invention: 

[0002] The invention relates to a data transmission method, system and a 
network element. 

Description of the Related Art: 

[0003] Nowadays fast traffic connections like bullet trains become more and 
more popular due to increasing connections. This creates a growing demand 
for reliable telecommunication connections also when a user terminal is mov- 
ing fast. 

[0004] One problem with high-speed trains is that when a receiver is immo- 
bile, as base stations usually are, and a transmitter is moving fast in relation to 
the receiver, a phenomenon called Doppler effect takes place. 
[0005] The Doppler effect was first defined by C. Doppler in 1842. The Dop- 
pler effect is an example of time warping or delay modulation. The Doppler 
shift changes signal's carrier frequency, scales the time axis of the complex 
envelope and changes the amplitude of the signal. 

[0006] If the frequency is changing excessively, it is possible that a call is 
dropped. 

[0007] There are also timing and signalling problems in the handover proc- 
ess on a fast moving train. 
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SUMMARY OF THE INVENTION 

[0008] The invention relates to a method for compensating Doppler shift in a 
telecommunication system, where at least one user terminal is moving fast in 
relation to a network element. The method includes measuring a received up- 
link signal, estimating the amount of Doppler frequency compensation for at 
least one downlink signal related to the user terminal on the basis of the 
measured received uplink signal, and compensating the Doppler shift for at 
least one downlink signal related to the user terminal by shifting the frequency 
of the signal according to the estimated amount of Doppler frequency compen- 
sation. 

[0009] The invention also relates to a method for compensating Doppler shift 
in a telecommunication system, where at least one user terminal is moving fast 
in relation to a network element and where there are at least two radio cells 
One of the radio cells is a handover source cell and another a handover target 
cell. The method includes measuring a received uplink signal in the source 
cell, estimating in the source cell the amount of Doppler frequency compensa- 
tion for at least one downlink signal related to the user terminal on the basis of 
the measured received uplink signal. The Doppler shift in the source cell is 
compensated for at least one downlink signal related to the user terminal by 
shifting the frequency of the signal according to the estimated amount of Dop- 
pler frequency compensation. The handover target cell is informed of the re- 
quired Doppler shift compensation while performing a handover, and the 
amount of Doppler frequency compensation is estimated for at least one user 
terminal related downlink signal of the handover target cell utilizing the infor- 
mation on the required Doppler shift compensation communicated from the 
source cell and angles of velocity.The Doppler shift is compensated in the 
handover target cell for at least one downlink signal related to the user terminal 
by shifting the frequency of the signal according to the amount of Doppler fre- 
quency compensation estimated in the handover target cell. 
[0010] The invention also relates to a data transmission system for 
compensating Doppler shift in a telecommunication system in which system at 
least one user terminal is moving fast in relation to a network element. The 
system includes means for measuring a received uplink signal, means for es- 
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includes means for measuring a received uplink signal, means for estimating 
the amount of Doppler frequency compensation for at least one downlink sig- 
nal related to the user terminal on the basis of the measured received uplink 
signal, means for compensating the Doppler shift for at least one downlink sig- 
nal related to the user terminal by shifting the frequency of the signal according 
to the estimated amount of Doppler frequency compensation. 
[0011] The invention also relates to a data transmission system for compen- 
sating Doppler shift in a telecommunication system in which system at least 
one user terminal is moving fast in relation to a network element and in which 
system there are at least two radio cells, one of them being a handover source 
cell and another a handover target cell. The system includes means for meas- 
uring a received uplink signal in a source cell, means for estimating in the 
source cell the amount of Doppler frequency compensation for at least one 
downlink signal related to the user terminal on the basis of the measured re- 
ceived uplink signal, means for compensating the Doppler shift in the source 
cell for at least one downlink signal related to the user terminal by shifting the 
frequency of the signal according to the estimated amount of Doppler fre- 
quency compensation, means for informing the handover target cell of the re- 
quired Doppler shift compensation while performing a handover, means for 
estimating the amount of Doppler frequency compensation for at least one 
user terminal related downlink signal of the handover target cell utilizing the 
information on the required Doppler shift compensation communicated from 
the source cell and angles of velocity, means for compensating the Doppler 
shift in the handover target cell for at least one downlink signal related to the 
user terminal by shifting the frequency of the signal according to the amount of 
Doppler frequency compensation estimated in the handover target cell. 
[0012] The invention also relates to a network element for compensating 
Doppler shift. This embodiment includes: means for receiving measurement 
results regarding uplink signals, means for estimating the amount of Doppler 
frequency compensation for at least one downlink signal on the basis of the 
measured uplink signal, means for compensating the Doppler shift for at least 
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one downlink signal by shifting the frequency of the signal according to the es- 
timated amount of Doppler frequency compensation. 

[0013] The invention also relates to a network element for compensating 
Doppler shift in a telecommunication system in which system there are at least 
two radio cells, one of them being a handover source cell and another a hand- 
over target cell. The network element includes means for receiving measure- 
ment results regarding uplink signals in a source cell, means for estimating in 
the source cell the amount of Doppler frequency compensation for at least one 
downlink signal the basis of the measured uplink signal, means for compensat- 
ing the Doppler shift in the source cell for at least one downlink signal by shift- 
ing the frequency of the signal according to the estimated amount of Doppler 
frequency compensation, means for informing the handover target cell of the 
required Doppler shift compensation while performing a handover, means for 
estimating the amount of Doppler frequency compensation for at least one 
downlink signal of the target cell utilizing the information on the required Dop- 
pler shift compensation communicated from the source cell and angles of ve- 
locity, means for compensating the Doppler shift in the target cell for at least 
one downlink signal by shifting the frequency of the signal according to the 
amount of Doppler frequency compensation estimated in the target cell. 
[0014] Further embodiments of the invention are described in the dependent 
claims. 

[0015] The method and system of the invention provide several advantages. 
The reception of a downlink signal is improved due to better Doppler correc- 
tion. Another embodiment of the invention further improves a handover proc- 
ess when a user terminal is moving fast in relation to a base station. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] In the following, the invention will be described in greater detail with 
reference to the preferred embodiments and the accompanying drawings, in 
which 

[0017] Figure 1 shows a simplified example of a telecommunication system; 
[0018] Figure 2 illustrates the Doppler effect; 
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[0019] Figure 3 is a flow chart; 

[0020] Figure 4 illustrates a block diagram of a part of a transmitter; and 
[0021] Figure 5 shows an example of a handover situation. 

Description of the Preferred Embodiments 

[0022] With reference to Figure 1 , we examine an example of a data trans- 
mission system is shown in which the preferred embodiments of the invention 
can be applied. In Figure 1 the embodiments are described in a simplified radio 
system, which represents a Code Division Multiple Access, CDMA, system. 
The Code Division Multiple Access technique is used nowadays for example in 
radio systems which are known at least by the names IMT-2000 (International 
Mobile Telecommunications 2000) and UMTS (Universal Mobile Telecommu- 
nications System). The invention is not, however, restricted to these systems 
given as examples but a person skilled in the art may apply the solution in 
other radio systems provided with the necessary properties. 
[0023] Figure 1 is a simplified block diagram, which describes the most im- 
portant network elements of the radio system and the interfaces between 
them. The structure and function of the network elements are not described in 
detail because they are commonly known. 

[0024] The main parts of the radio system are a core network (CN) 100, a 
radio access network 130 and user equipment (UE) 170. The term UTRAN is 
an abbreviation of UMTS Terrestrial Radio Access Network, i.e. the radio ac- 
cess network belongs to the third generation and is implemented by wideband 
code division multiple access WCDMA. Generally, the radio system can also 
be defined as follows: the radio system includes a user terminal, which is also 
called a subscriber terminal or a mobile station, and of a network part, which 
includes the fixed infrastructure of the radio system, i.e. a core network, a radio 
access network and a base station system. 

[0025] A mobile services switching center (MSC) 102 is the center of the cir- 
cuit-switched side of the core network 100. The mobile services switching cen- 
ter 102 is used to serve the connections of the radio access network 130. The 
tasks of the mobile services switching center 102 typically include switching, 
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paging, user terminal location registration, handover management, collection of 
subscriber billing information, data encryption parameter management, fre- 
quency allocation management and echo cancellation. 

[0026] The number of mobile services switching centers 102 may vary: a 
small network operator may have only one mobile services switching center 
102, whereas large core networks 100 may have several ones. Figure 1 shows 
another mobile services switching center 106 but its connections to other net- 
work elements are not illustrated to keep Figure 1 sufficiently clear. 
[0027] Large core networks 100 may comprise a separate gateway mobile 
services switching center (GMSC) 110, which is responsible for circuit- 
switched connections between the core network 100 and the external networks 
180. The gateway mobile services switching center 1 10 is located between the 
mobile services switching center 102, 106 and the external networks 180. The 
external network 180 may be, for example, a public land mobile network PLMN 
or a public switched telephone network PSTN. 

[0028] The core network 100 typically comprises other parts, too, such as a 
home location register HLR, which includes a permanent subscriber register 
and, if the radio system supports the GPRS, a PDP address (PDP = Packet 
Data Protocol), and a visitor location register VLR, which includes information 
on roaming of the user terminals 170 in the area of the mobile services switch- 
ing center 102. All the parts of the core network are not shown in Figure 1 to 
keep it clear. 

[0029] A serving GPRS support node (SGSN) 118 is the center of the 
packet-switched side of the core network 100. The main task of the serving 
GPRS support node 118 is to transmit and receive packets with the user ter- 
minal 170 supporting packet-switched transmission, utilizing the radio access 
network 130. The serving GPRS support node 118 includes user information 
and location information on the user terminal 170. 

[0030] A gateway GPRS support node (GGSN) 120 on the packet-switched 
side corresponds to the gateway mobile services switching center 110 of the 
circuit-switched side, with the exception that the gateway GPRS support node 
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120 has to be able to route outgoing traffic from the core network 100 to exter- 
nal networks 182, whereas the gateway mobile services switching center 110 
routes only the incoming traffic. In the example, the external networks 182 are 
represented by the Internet, via which a considerable part of wireless tele- 
phone traffic can be transmitted in the future. 

[0031] The radio access network 130 includes radio network subsystems 
140, 150. Each radio network subsystem 140, 150 consists of radio network 
controllers (RNC) 146, 156 and B nodes 142, 144, 152, 154. The B node is 
rather an abstract concept, which is frequently replaced by the term 'base sta- 
tion'. 

[0032] The radio network controller 146, 156 is usually responsible for the 
following tasks, for example: management of the radio resources of the base 
transceiver station or B-node 142, 144, 152, 154, intercell handover, meas- 
urement of time delays on the uplink, implementation of the operation and 
management interface, and management of power control. 
[0033] The radio network controller 146, 156 includes at least one trans- 
ceiver. One radio network controller 146, 156 may serve one cell or several 
sectorized cells. The cell diameter may vary from a few meters to dozens of 
kilometers. The radio network controller 146, 156 is often deemed to include a 
transcoder, too, for performing conversion between the speech coding format 
used in the radio system and the speech coding format used in the public 
switched telephone system. In practice, however, the transcoder, controller 
146, 156 is usually responsible for the following tasks, for example: measure- 
ments on the uplink, channel coding, encryption and scrambling coding. 
[0034] The user terminal 170 usually includes two parts: mobile equipment 
(ME) 172 and a UMTS subscriber identity module (USIM) 174. The user termi- 
nal 170 comprises at least one transceiver for establishing a radio connection 
to the radio access network 130. The user terminal 170 may include at least 
two different subscriber identity modules. In addition, the user terminal 170 
comprises an antenna, a user interface and a battery. Nowadays various kinds 
of user terminals 170 are available, e.g. terminals that are installed in a car and 
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portable terminals. The user terminals 170 also have properties similar to 
those of a personal computer or a portable computer. 

[0035] The USIM 174 includes information on the user and information on 
data security, e.g. an encryption algorithm, in particular. 
[0036] It is obvious to a person skilled in the art that the interfaces included 
in the radio telecommunications system are determined by the hardware im- 
plementation and the standard used, for which reason the interfaces of the 
system may differ from those shown in Figure 1. In the UMTS, the most impor- 
tant interfaces are the lu interface between the core network and the radio ac- 
cess network, which is divided into the luCS (CS = Circuit Switched) interface 
of the circuit-switched side and the luPS (PS = Packet Switched) interface of 
the packet-switched side, and the Uu interface between the radio access net- 
work and the user terminal. The interface defines what kind of messages dif- 
ferent network elements may use to communicate with one another. The object 
of the standardization of interfaces is to enable function between network ele- 
ments of different producers. In practice, however, some of the interfaces are 
producer-specific. 

[0037] In the following, the Doppler effect is explained in further detail. 
Whenever relative motion exists between a transmitter and a receiver, there is 
an apparent shift in the frequency of the received signal due to the Doppler 
effect. Additionally, when either the transmitter or the receiver is in motion, 
there is a so-called dynamic multi-path situation in which there is a continuous 
change in the electrical length of every propagation path and thus the relative 
phase shifts between them change as a function of a spatial location. The re- 
ceived amplitude (envelope) of the signal varies. At some positions there is 
constructive addition while at others there is almost complete cancellation. In 
practice, there are of course several different paths which combine in different 
ways depending on a location. 

[0038] The time variations, or dynamic changes in the propagation path 
lengths, can be related directly to the motion of the receiver and indirectly to 
the Doppler effects that arise. The rate of change of phase, due to motion, is 
apparent as a Doppler frequency shift in each propagation path. 
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[0039] The phase change is therefore 

A, 

where 

X is a wave length, 

Al is an incremental change in the path length of the wave dcos a. 
[0040] The apparent change in frequency (the Doppler shift) is 

/ = — = — cosa = ^-cosa , (2) 

2tc At X c 

where 

A(() is a phase change, 

At is an incremental change of time, 

v = velocity, 

X is a wave length, 

a is an angle of velocity related to the base station, 

f c is a carrier frequency, 

c is speed of light, 3*1 0 8 m/s. 

[0041] It is clear that the change in path length is depending on the spatial 
angle between the wave and the direction of motion. Generally, waves arriving 
from ahead of a user terminal have a positive Doppler shift i.e. an increase in 
frequency, while the reverse is the case for waves arriving form behind the 
user terminal. Waves arriving from directly ahead of, or directly behind the user 
terminal are subjected to the maximum rate of change of phase, giving 

(3) 

where 

v = d/At, where d is an incremental distance, 
X is a wave length. 

[0042] In practice, the several incoming paths will be such that their individ- 
ual phases, as experienced by a moving receiver, will change continuously and 
randomly. The resultant signal envelope and RF phase will therefore also be 
random variables. 
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[0043] If the multi-path signals have frequencies close together, the different 
propagation paths within the multi-path medium have approximately the same 
electrical length for all components and their amplitude and phase variations 
are very similar. This is called flat fading. There is also frequency-selective fad- 
ing Where the behaviour of one frequency tends to become uncorrelated with 
that at the other frequency, because the phase shifts along the various paths 
are different at the two frequencies. 

[0044] Figure 2 illustrates the Doppler effect with the aid of an example. The 
base station 200 is immobile and it is generating one or more radio cells along 
the railway. A bullet train 202 is moving fast in the direction of the arrow 204. 
The angle of form (2) marked with a symbol a 206 describes the direction of a 
motion of the train in relation to the base station (an angle of velocity). The fre- 
quency the base station receives changes according to the speed, distance 
and/or direction of the train (and to the frequency itself) as explained in forms 
(1), (2) and (3). 

[0045] Figure 3 is a flow chart describing an embodiment of the invention. In 
the systemwhich implements this method, there are preferably at least one 
base station and one or more subscriber terminals which are moving fast in 
relation to the base station. 

[0046] Typically, the user terminal uses the signal received from a base sta- 
tion as a frequency reference signal. The fast moving user terminal is not able 
to separate the Doppler shift it experiences from the error of its own oscillator. 
Usually, the user terminal estimates the Doppler shift and minimizes it by tun- 
ing its oscillator. The user terminal tunes its own oscillator based on the esti- 
mated mean of the received Doppler shifted signals in order to compensate the 
mean Doppler frequency component. The user terminal uses the Doppler 
shifted frequency when generating the transmission signal. Thus the frequency 
of the signal the user terminal transmits is adapted according to the estimated 
Doppler shift. In this application, this is called frequency offset. In the receiver, 
the frequency offset is defined by comparing the known carrier frequency and 
the most frequent received frequency. 
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[0047] Therefore, the base station receiver experiences both the Doppler 
effect and the frequency offset made by the tuned oscillator of the moving sub- 
scriber terminal. The accuracy of the user terminal's transmission frequency is 
typically about 10-7 (0.1 ppm). Therefore, the maximum Doppler shift in the 
base station receiver is about twice the Doppler shift experienced by the user 
terminal. 

[0048] The method described below teaches one example of how to com- 
pensate the Doppler shift experienced by the base station. As an example of a 
fast moving vehicle or a means of conveyance is given a high-speed train 
which is also called a bullet train. 

[0049] The method starts from block 300. In block 302 the received uplink 
signal is measured to find out how much the frequency changes due to the 
Doppler effect. The target of the measuring is to find out the mean frequency 
offset of the received signal. The estimation of the mean frequency may utilize 
the predetermined or measured quality of the received signal as a weighting or 
filtering factor in order to improve the accuracy of estimation. The measure- 
ment period may include one or several transport blocks or bursts. 
[0050] In block 304 the amount of Doppler frequency compensation for 
downlink is estimated on the basis of an uplink signal. The superposition can 
be applied for the Doppler effect, thus the downlink and the uplink are as- 
sumed to have characteristics that are similar enough when compared to each 
other. The estimation may take into account the previously preformed com- 
pensation and/or an uplink/downlink carrier frequency separation a.k.a. duplex 
frequency, albeit the impact of the duplex frequency is typically very little. The 
compensation and measurement periods are determined in such a way that a 
possible oscillation is avoided. The amount of the downlink frequency compen- 
sation (Doppler frequency compensation) may be estimated by using the for- 
mula 



UL mean 

(n) 
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fc UL 



AFC DL {n + l) = ^=^, (4) 
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where 

AFCoL(n) is earlier made compensation, 

fd_ui__mean(n) is a measured mean frequency error on uplink, 

fc_DL is a carrier frequency for downlink and 

fcuL is a carrier frequency for uplink. 

[0051] In block 306 the Doppler shift for at least one downlink signal related 
to the user terminal is compensated by shifting the frequency of the signal ac- 
cording to the estimated amount of Doppler frequency compensation. The 
compensation can be seen in the l/Q-domain as a rotation of the signal. In 
WCDMA systems the compensation is performed, for instance, for selected 
pilot signals and/or channels related to them, while in TDMA, for instance, for a 
selected logical channel or time slots. It is also possible to create, for terminals 
on train, the cells of their own. Then the compensation is performed for the 
selected cells. Thus the compensation can be targeted to the desired user 
terminals on the bullet train or under the similar circumstances. 
[0052] The sign of the Doppler shift typically changes rapidly due to hand- 
overs which occur quite frequently due to a high speed. In another embodi- 
ment of the invention, handovers are utilized for informing the target cell of the 
Doppler frequency compensation made in a source cell. Thus the system may 
include at least two radio cells, one of them is a handover source cell and an- 
other is a handover target cell 

[0053] In handover, the estimated amount of Doppler frequency compensa- 
tion, the frequency offset, and/or the measured received uplink signal, is given 
to the target cell of the handover as information required for Doppler shift com- 
pensation. The information is communicated as a part of the handover control 
carried out by a base station controller or another network element having the 
same role. This is done in block 308. 

[0054] In the receiver, the frequency offset is defined by comparing the 
known carrier frequency and the most frequent received frequency. Then the 
frequency offset is preferably averaged to get the frequency offset value which 
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is the most appropriate for a pre-determined period of time which typically is at 
least the time the subscriber terminalstays n one cell. 

[0055] Assuming that the oscillator tuning in the user terminal has a larger 
time constant than used during the measurement period in the source cell, the 
Doppler frequency compensation on the target cell (B) can be initialized by 
using the measured received uplink signal of the source cell (A). The mean 
Doppler frequency of the target cell of the handover (the cell B) can be esti- 
mated 

f rm-/* ( a\ CQS>g fc_mX B ) /ex 

Jd UL mean initial A J ° ) ~~ J d UL mean\ A )' # r , j\ > 

- - - - - COS OC f c UL (A) 

where, 

fd_UL_mean(A) is the mean Doppler frequency estimate on source 

cell, 

a is the angle of velocity related to the source cell, 
P is the angle of velocity related to the target cell, 
fc_UI_(A) is a carrier frequency for uplink used in a source cell, 
fcJJL(B) is a carrier frequency for uplink used in a target cell. 

[0056] This is done in block 310. In block 312 the Doppler shift for at least 
one downlink signal (in the target cell) related to the user terminal is compen- 
sated by shifting the frequency of the signal according to the estimated amount 
of Doppler frequency compensation. The compensation can be seen in the l/Q- 
domain as a rotation of the signal. In WCDMA systems the compensation is 
performed, for instance, for selected pilot signals and/or channels related to 
them, while in TDMA, for instance, for a selected logical channel or time slots. 
It is also possible to create for terminals on train the cells of their own. Then 
the compensation is performed for the selected cells. Thus the compensation 
can be targeted to the desired user terminals on the bullet train or under the 
similar circumstances. 

[0057] The benefit attained by using the embodiment explained below, is that 
usually it is sufficient to transfer only one value to the target base station for 
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initializing the Doppler compensation algorithm. The same value may be used 
to initialize the uplink compensation in addition to the downlink algorithm. 
[0058] The information on a railway topology can be stored in the base sta- 
tion controller or another network element having the same role. Therefore, the 
base station can concentrate on the physical layer of the OSI-model (layer 1 
L1) processing (OSI means open systems interconnection). Thus in the esti- 
mation of the Doppler shift, information on system geometry can be utilized: 
the angles cosa and cosfi (cosp/cosa) give the sign of the required compensa- 
tion and also the relative magnitude. 

[0059] According to the example of Fig. 5, the base stations 500 and 508 are 
immobile and they are generating radio cells along the railway. A bullet train 
504 is moving fast in the direction of the arrow 506. The base station B 500 is 
creating the handover target cell and the base station A 508 is creating the 
handover source cell. The angle of velocity of the train 504 related to the 
source cell is the angle a 510 and the angle of velocity of the train 504 related 
to the target cell is the angle (3 502. 

[0060] The determination of the angles requires train locating. Also the loca- 
tions of base stations have to be known. 

[0061] It should be noticed that the geometry information may not always be 
needed, for example if both the source (A) and the target (B) base stations are 
closely located to the railway and the railway is reasonably straight. 
[0062] It is also possible to compensate the frequency offset of the common 
channels and/or other critical channels before the user terminal arrives to the 
cell and starts listening to them. This is possible when a so-called blind hand- 
over is used. The compensation may also be based on timing advances re- 
ported by the user terminal. 

[0063] The method ends in block 314. Arrow 316 depicts one possibility for 
repeating the method. Arrow 318 depicts the difference between the embodi- 
ments of the invention described above. 

[0064] Radio cells need to overlap in order to perform successful handovers. 
The overlapping area has to be large enough to ensure that the user terminal 



15 



has enough time for performing handover measurements including cell identifi- 
cation and a possible comparison of the relative cell attractiveness, reporting 
and handover signalling with the base station subsystem. The signalling chan- 
nel capacity and the signalling related to the number of active users on a bullet 
train may affect to the size of the overlapping area. The length of the train and 
the distribution of users on it may have little impact as well. For instance, if the 
minimum time for a subscriber terminal to move through an overlapping zone 
is 8.5 seconds, the range equals 830 m when the speed of the train is 350 
km/h. The network planning determines the basic sizes and shapes of the cells 
according to above-mentioned constraints. 

[0065] It is also possible to perform Doppler offset measurements in the user 
terminal for several cells and to transmit the measurement results to the base 
station sub-system for the down-link Doppler compensation, but in that case 
cell synchronization usually takes longer than in the former compensation. 
[0066] There are environments such as tunnels that may require further at- 
tention also in the Doppler compensation. If the radio coverage in a tunnel is 
built with leaky feeders, the Doppler shift may be multiplied with the factor (ef- 
fective dielectric constant) indicated for a leaky feeder. On the other hand the 
Doppler compensation algorithm may be adapted to the leaky feeder situation, 
if the effective dielectric constant is typically in the order of 1 ... 1 .5. 
[0067] When trains are passing each other, it is possible to reserve individual 
resources for both of the trains or for both of the directions and perform a re- 
source-based compensation. The resource may be a radio cell or a channel. 
Thus it is possible to use different Doppler compensation values having oppo- 
site signs for the both of the trains. 

[0068] Figure 4 shows an example of a base station transceiver, which is an 
example of a network element. The structure of base stations of handover 
source cells and handover target cells are similar to each other. The trans- 
ceiver can use the same antenna 410 for receiving and transmitting, and there- 
fore there can also be a duplex filter 412 to separate transmission and recep- 
tion. The antenna may be an antenna array or a single antenna. In a receiver 
RF-parts 414 in this case comprise also a power amplifier which amplifies the 
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received signal attenuated on a radio path. Typically RF-parts down-convert a 
signal to an intermediate frequency and then to a base band frequency or 
straight to base band frequency. The analogue-to-digital converter 416 con- 
verts an analogue signal to digital form by sampling and quantizing. 
[0069] The depicted system can be a spread-spectrum system and thus a 
broadband signal is de-spread in block 418. One possibility to de-spread a sig- 
nal is to multiply it with the same code it was spread in a transmitter. This is 
called a direct-sequence spread spectrum system. If the system is a narrow- 
band system the de-spreading block will not be required. 
[0070] Then the signal is demodulated in block 420 which means that the 
information is separated from the carrier. 

[0071] The Digital Signal Processing (DSP) block 404 is shared by a receiver 
and a transmitter. There could also be separate DSP-blocks for both. Typical 
functions of a DSP-block are, for example, scrambling, interleaving, coding, 
pre-distortion and pulse shaping for transmission and corresponding removal 
functions for reception such as descrambling decoding etc. Digital Signal Proc- 
essing is known in the art. 

[0072] In a transmitter, the signal is first modulated in block 400. Modulation 
means that a data stream modulates a carrier. The modulated signal 
characteristic may be, frequency or phase, for example. Modulation methods 
are known in the art and therefore they are not explained here in greater detail. 
[0073] Because the system in Figure 4 is a wide-band system the signal is 
spread for example by multiplying it with a long pseudo-random code. Spread- 
ing is done in block 402. If the system is a narrow-band system, the spreading 
block will not be required. 

[0074] Block 406 converts the signal into an analogue form. RF-parts in 
block 408 up-convert the signal to a carrier frequency, in other words a radio 
frequency either via an intermediate frequency or straight to the carrier fre- 
quency. In this example, RF-parts also comprise a power amplifier which am- 
plifiers the signal for a radio path. 
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[0075] Block 422 is a control block which typically is a part of the DSP-block, 
but it is depicted here as a separate block to emphasize its functions. Receiver 
measurements are typically made in the RF parts of a receiver 414. The aim of 
the measurements is to find out the frequency at which the most frequent am- 
plitude value is received. The control block then estimates a frequency offset 
for the Doppler compensation. This is preferably done by comparing the known 
carrier frequency and the most frequent received frequency. The frequency 
difference is the frequency offset. Then the frequency offset is preferably aver- 
aged to obtain the frequency offset value which is the most appropriate for a 
pre-determined period of time which typically is at least the time the subscriber 
terminal stays in one cell. The control block also determines a Doppler com- 
pensation value and gives to the RF block 414 or the DSP 404 block the infor- 
mation on the required frequency compensation. The RF block 414 or the DSP 
block 404 then carries out the change of the reception frequency. This is typi- 
cally done by adjusting channel-based the numerically controlled oscillator of 
the DSP block 404 or by adjusting the carrier frequency of the radio cell. The 
uplink and downlink compensations are performed separately and they are 
typically of opposite signs. 

[0076] The disclosed functionalities of the described embodiments of the 
data transmission method can be advantageously implemented by means of 
software which typically locates in the Digital Signal Processor. The implemen- 
tation solution can also be for instance an ASIC (Application Specific Inte- 
grated Circuit) component. A hybrid of these different implementations is also 
feasible. One possibility to implement the invention is to use a digital oscillator 
that is adapted to the compensation of Doppler shift. 

[0077] Even though the invention has been described above with reference 
to an example according to the accompanying drawings, it is clear that the in- 
vention is not restricted thereto but can be modified in several ways within the 
scope of the appended claims 



